Introduction
Blood brain barrier (BBB) breakdown and secondary immune and inflammatory responses mediated by direct invasion of bacteria and localized vascular impairment in the central nervous system (CNS) are thought to be involved in the pathogenesis of pediatric bacterial meningitis-associated brain damage 1) . Matrix metalloproteinases (MMPs) are proteases containing a Zn 2+ ion that degrade the extracellular matrix (ECM) of interstitial connective tissues and basement membranes. MMPs regulate gene expression and activation of precursor MMPs, and this activity is controlled by tissue inhibitors of metalloproteinases (TIMPs) and endogenous MMP inhibitors. MMP-9 activity is particularly associated with vascular endothelial basement membrane collagen type IV, and MMP-9 produced from glial cells injured vascular endothelial cells in the brain
. The extent of cortical damage is significantly associated with parenchymal gelatinolytic activity and collagen type IV degradation. Therefore, MMP-9 levels may be useful as a marker of endothelial inflammation and impairment in vasculitis. To evaluate this hypothesis, we measured the levels of MMP-9 in cerebrospinal fluid (CSF) from pediatric patients with bacterial meningitis and other CNS infections. 12 patients (age 3 months to 6 years and 5 months old) with Bacterial meningitis, 12 patients (20 days to 13 years old) with aseptic meningitis, and 7 patients (1 year and 6 months to 11 years and 7 months old) with encephalitis and/or encephalopathy were measured by enzyme immunoassay (EIA). The levels of MMP-9 in serum and CSF obtained on the same day during the acute phase of bacterial meningitis were also determined in 6 cases (8 months to 2 years and 5 months). The correlation between CSF levels of MMP-9 and TIMP-1 in the acute phase of bacterial meningitis was examined in 8 patients (8 months to 3 years and 8 months). The corticosteroid therapy was performed in all cases.
Materials and methods

MMP
Results
The mean CSF MMP-9 level in 12 patients with bacterial meningitis in the acute phase was 880.16 ng/μl (range: 73 to 2, 400 ng/μl). Among the 12 patients with ascetic meningitis, CSF MMP-9 in the acute phase ranged from 5 to 32 ng/μl in 4 cases, but was ≤3 ng/μl in 8 cases. Of the 7 patients with encephalitis or encephalopathy, CSF MMP-9 in the acute phase was 9 ng/μl in 1 case, but ≤3 ng/μl in 6 cases. In the acute phase, CSF MMP-9 in bacterial meningitis was significantly higher than in the other two groups (p<0.01 by Mann-Whitney U test, Figure-1 ).
Of the 12 children with bacterial meningitis, 6 developed complications (subdural empyema or subdural hematoma) in the recovery phase (Table-1 ). CSF levels of MMP-9 in the 6 patients without complications markedly decreased in the recovery phase ( Figure-2 ), while those of the 6 patients with complications remained high or re-elevated. CSF MMP-9 in the recovery phase was significantly higher in patients with complications (p<0.01 by Mann-Whitney U test).
There was no correlation (r =-0.23) between CSF and serum MMP-9 levels in 6 patients with bacterial meningitis in the acute phase (Figure-3 ). There was also no correlation (r =-0.63) between CSF MMP-9 and TIMP-1 levels in 9 patients with bacterial meningitis in the acute phase (Figure-4) . (Figure-5 ).
Discussion
Bacterial meningitis-associated brain damage is 4) 5) thought to be due to inflammatory infiltration cytokine and/or chemokine-induced BBB breakdown, rather than direct bacterial invasion of brain tissues. MMP-9 is found in tissues, cells and blood, and can decompose gelatin and a component of the ECM, collagen type IV. An increase in the MMP-9 level causes damage to the vascular endothelium. In the current study, a significantly higher level of MMP-9 was found in the CSF of children with bacterial meningitis in the acute phase, compared to children with ascetic meningitis and encephalitis or encephalopathy. There was no correlation between CSF-MMP9 and serum MMP-9 ( Figure-3) , total cell and neutrophil counts in terms of complication (Figure not shown) . Therefore, MMP-9 produced in the CSF but not from serum is likely to enhance BBB permeability and induce BBB breakdown during the acute phase of bacterial meningitis, resulting in intrathecal invasion of inflammatory substances and leads to basement membrane damage. Therefore, basement membrane damage may occur in the vascular endothelium of the brain. A high protracted level of MMP-9 may lead to development of brain damage based on the persistent increased CSF MMP-9 level in patients with bacterial meningitis-associated brain damage. These results suggest that MMP-9 may be a marker for quantitative assessment of vascular impairment in the CNS.
TIMPs are inhibitors of MMP activity that bind to the active site of MMP. An increase in the level of MMPs relative to TIMPs (MMP/TIMP ratio) can cause chronic rheumatoid arthritis, coronary artery lesions with Kawasaki disease, and cancer invasion and metastasis due to tissue destruction and increased tissue fragility 6)-8) . TIMPs are profibrotic agents that have a role in development of scarring in different organs, with scleroderma, pulmonary fibrosis, and nephrosclerosis resulting from tissue infiltration and ECM accumulation induced by a decreased serum MMP/TIMP ratio at onset 9) -12) . We have no data on serum MMP/TIMP ratio in this study, however we found no correlation of the CSF-MMP9/TIMP ratio at onset with disease activity. There was also no correlation between CSF and serum MMP-9 levels in the acute phase of bacterial meningitis. This suggests that CSF MMP-9 is produced mainly in the CNS 13) and evokes vascular endothelial cell damage in the brain. CSF MMP-9 levels have been suggested to be correlated with cells counts in CSF 14) , but in our 12 patients with bacterial meningitis CSF MMP-9 levels were not correlated with total cell and neutrophil counts in the CSF (correlation coefficient: r =-0.22) or with clinical severity. When bacteria invades the CSF, neutrophils are activated and upregulate production of neutrophil elastase. Monocytes and cytokines may also cause activation of MMP-9 in neutrophils, which destroy the ECM on the vascular endothelial basement membrane. These results in enhancement of the permeability of the vascular endothelium, causing BBB breakdown, influx of inflammatory cells and blood substances, and development of subdural lesions. Therefore, MMP-9 in the CSF may contribute to BBB breakdown directly 15) 16) . As a result of our experiment, CSF MMP-9 in the recovery phase of Bacterial meningiits was significantly higher in patients with complications. But CSF TNF α in the 5 cases of bacterial meningitis was not correlated with their prognosis (data not shown). Thus, high CSF MMP-9 seems to be a more useful marker that reflects the degree of brain damage associated with bacterial meningitis and the prognosis, relative to other cytokines. A high CSF MMP-9 level appears to be a cause of bacterial meningitis-associated brain damage, and CSF MMP-9 may be a qualitative marker for the prognosis of this disease.
